The extended Zintl-Klemm concept, ionic strength I and assessment of the relative stability of lattices using the stability enhancement ratio S This article examines the comparison between the classical formulations used to describe silicates and that derived from the application of the extended ZintlKlemm concept (EZKC). The ionic strength, I, for 25 silicate lattices is calculated taking into account both formulations, and the results show that, in every single one of the examples, the ionic strength of the Zintl polyanion is higher than that of the classical model which assigns a formal charge of 4+ for silicon. Our earlier study, firstly applied to the germanate (NH 4 ) 2 Ge [6] [Ge 6À equivalent to the pseudo-As 2 O 5 derived from it, explained satisfactorily the charge transfer that takes place in the Zintl compounds. The value of I = 1 2 P n i z i 2 for the Zintl polyanion was greater than for the compound as formulated in the classical way. In that article, a meaningful relationship was found between the electron transfers as defined by the EZKC and the ionic strength I of the anion [Ge [4] 6 O 15 ] 6À É-As 2 O 5 . Because the ionic strength, I, of a lattice is directly proportional to the lattice potential energy, U POT , the higher the I the greater the U POT ; thus it is harder to break up the lattice into its constituent ions and hence the lattice itself is more stable, giving support to the idea that the application of the EZKC and the resulting electron shifts yields structures which are inherently thermodynamically more stable than the starting configuration.
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Introduction
In a previous article (Vegas & Jenkins, 2017) we reported a new interpretation of the structure of (NH 4 ) 2 Ge 7 O 15 (Cascales et al., 1998) in terms of the extended Zintl-Klemm concept (EZKC). This germanate is peculiar in having Ge atoms with both tetrahedral and octahedral coordination and so could be formulated as (NH 4 ) 2 Ge [6] [Ge [4] 6 O 15 ]. The co-existence of both types of polyhedra is found also among aluminates and silicates and their respective skeletons were interpreted by Santamaría-Pé rez & Vegas (2003) and by Santamaría-Pé rez et al. (2005) as being due to the charge transfer from the X [6] cations (X = Al, Si, Ge) towards the T [4] atoms that behave as Zintl polyanions. In (NH 4 ) 2 Ge [6] [Ge [4] It should be remembered that the ionic strength, I, of a lattice is directly proportional to the lattice potential energy, U POT , and hence to the lattice stability. The higher the I the greater the U POT , and thus the harder it is to break up the lattice into its constituent ions and hence the more stable is the lattice. For those compounds whose lattice energy U POT is greater than 5000 kJ mol À1 this relationship is represented by the equation
where A is a constant and V m is the formula unit volume. Equation (1) has been thoroughly tested for a large range of silicate minerals. Experimentally based lattice potential energies (obtained using a BornFajans-Haber cycle) have been compared with the calculated values obtained from equation (1). The calculated and experimental results for U POT agree to within AE7% and in many cases are significantly closer than this. This agreement means that the energetics linked to the ionic strength factor have a direct relevance to experimental results and can be relied on to connect to reality. Accordingly then, if, via the EZKC, we discuss an electron shift which transforms one lattice into another one having a higher value of I 4/3 , then this will indicate a true increased stability. This calculation could be simplified to monitoring just the value of I itself.
This, in turn, shows that there is a thermodynamic justification and a stabilization following from the EZKC-driven shift in electrons. There is no change in the formula unit volume, V m [the other parameter involved in equation (1), which can influence U POT ] because we are merely proposing a rearrangement of the charge within the same lattice framework. From this charge rearrangement we create a more stable pseudo-lattice when compared with the case where we calculate I on the basis of tetravalent Ge cations.
Thus, consideration of (NH 4 ) 2 Ge 7 O 15 as a pseudo-polyanion É-As 2 O 5 (in terms of the Zintl-Klemm concept) implies the existence of a more stable skeleton compared with the originating lattice (as Ge 2 O 5 ). In other words, calculations of I considering Ge as É-As should predict a higher estimated potential energy than when we calculate I on the basis of tetravalent Ge in the germanate. The ionic strength, I, of a lattice is simply calculated using the formula
where the summation is performed over the entire lattice and n i is the number of ions in the formula unit having charge z i . Thus I for (NH 4 ) 2 Ge 7 O 15 is equal to:
2 ] = 87 treating the NH 4 + as a charge of +1, leading to a predicted value of I for 3 Â É-
. Thus I increases from 87 to 105 by virtue of the above rearrangement.
As proof that this new approach, involving as it does a change in I, causes increased thermodynamic stability in the resulting lattice, we have applied the idea to a range of 25 silicates of diverse types. These are listed in Table 1 where the proposed electron shifts caused by invoking the EZKC onto the original structure produce the 'pseudo-lattice' always possessing enhanced stability. A measure of the stability enhancement ratio, S, brought about once EZKC has been applied is given by the equation
where É-I is the ionic strength computed for the pseudoformula [= I(Pseudo-formula)], whereas I is that obtained for the classical formulation which in the case of Table 1 is I(Silicate). This ratio is an indicator of the stability gained with the charge rearrangement in the Zintl polyanion as explained in Appendix A.
Discussion
The compounds listed in Table 1 were selected from the different families of silicates as collected in the article by Santamaría-Pé rez et al. (2005) and are listed together with the calculated values of I from equation (2).
As was the case in the structure of (NH 4 ) 2 Ge 7 O 15 (Vegas & Jenkins, 2017) , all silicates listed in Table 1 illustrate the fact that the classical description of inorganic structures in terms of cation-centred anionic polyhedra is now outdated, since it provides poor insight into all the chemical interactions occurring in the crystal (Santamaría-Pé rez & Vegas, 2003; Santamaría-Pé rez et al., 2005; Vegas & García-Baonza, 2007; Vegas et al., 2009; Vegas, 2011a Vegas, ,b, 2012 .
It should be remembered that octahedrally coordinated Al, Si or Ge atoms act as electron donors to the tetrahedrally coordinated X backbones that behave as true Zintl polyanions. This amphoteric character displayed by the atoms also explains satisfactorily the structures of other silicates like SiP 2 O 7 (Bissert & Liebau, 1969) 
Stability enhancement ratio, S
Comparison of the values of I found in columns 2 and 4 of Table 1 evidence that in all cases the ionic strength for the classical formula (column 2) is always lower than values calculated for the pseudo-formulae listed in column 4. Below the pseudo-formula, we have quoted the values of what we define in equation (3) as the stability enhancement ratio, S, brought about once EZKC has been applied. This ratio is an indicator of the stability gained with the charge rearrangement in the Zintl polyanion. The values range from S = 1.19 for the research papers Table 1 Calculation of the ionic strength for 25 silicates ranging from simple disilicates to the more complex tectosilicates. . Since the volume, V m , of the crystal lattice does not vary when the EZKC is applied, we need only study the variation of I 4/3 or in its simplest form only the variation in I itself. An increase in the ionic strength I implies a higher U POT and hence an increased thermodynamic stability in the pseudo-lattice generated by application of the EZKC. 4 } need additional explanation. These compounds possess atoms that are not involved in the charge transfer of the Zintl polyanions, and therefore these 'non-Zintl' atoms are inserted in brackets and are added to the moiety that contains the potential Zintl anion. The calculation of I is carried out for both moieties, as is quoted in the corresponding entries in Table 1 .
All values of the stability enhancement ratio S = (É-I)/I of equation (3) indicate that the ionic strength of the Zintl polyanion is higher than that of the original compound. This result agrees with the first finding in (NH 4 ) 2 Ge[Ge 6 O 15 ] (Vegas & Jenkins, 2017) and gives support to the idea that the EZKC -as used so far to explain other similar structures -is reinforced by the application of the thermodynamically related ionic strength, I.
Concluding remarks
As discussed above, this paper illustrates the fact that the classical description of inorganic structures in terms of cationcentred anionic polyhedra is now outdated, since it provides poor insight into the chemical interactions occurring in the crystal.
The joint application of the EZKC and the ionic strength concept not only accounts for the structural changes occurring in the [TO 4 ] networks, but it also seems to be the driving force that compels the structure towards its greatest thermodynamic stability as predicted from the respective I values (strictly speaking, I
4/3 values), representing a new era in the way of understanding the role that atomic species can play. A much fuller description of these ideas is due to appear in a text currently in preparation (Vegas, 2017) .
APPENDIX A Examination of the increase in lattice energy (and hence of stability) to support the 'higher stability hypothesis' arising when the EZKC is considered
Firstly we consider the lattice energies.
Consider K 6 [Si 2 O 7 ], whose crystal structure volume is given by
The charge balance is
and the ionic strength, I(K 6 Si 2 O 7 ) 
Given this and the ionic strength of Cl 2 O 7 , I(Cl 2 O 7 )
the pseudo-lattice energy calculated from equation (1) 
The (15/2)RT term arises in order to convert the lattice energy into a lattice enthalpy (see Jenkins, 2005 (Matveev et al., 1965) . This is used in the above formula together with other data for Á f H o (K + , g) and Á f H o (Si 4+ , g) from the NIST database and data for
, g) = 838 kJ mol À1 from . Accordingly U POT ðexperimentalÞ ¼ U POT ðK 6 fSi 2 O 7 gÞ ¼ 6ð514:3Þ þ 2ð10428:5Þ þ 7ð838Þ À ðÀ2483:2Þ þ ð18:6Þ
One of the referees for this paper said that to believe our contention he/she would need to see that: 'for a certain compound the classical formula gives U POT = X, the pseudoformula gives U POT = 1.5X and the experimental value is 1.4 (2)X; this will then prove the issue'. From the above U POT (classical) = 25508 kJ mol À1 from equation (1), so X = 25508, U POT (pseudo-formula) from equation (1) = 60409 = 2.36X and finally U POT (experimental) = 32311 kJ mol À1 = 1.27X which matches our theory: U POT ðclassicalÞ < U POT ðexperimentalÞ < U POT ðpseudo-formulaÞ: ð13Þ
In this example we have chosen the compound in Table 1 that has the smallest difference in ionic strength between the classical and pseudo structures and the assumption is that materials with a larger difference are more likely to obey relationship (13).
